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3.	 Which chart shows the neutralization curve of a strong base with a strong acid?

A.

Volume of alkali added

0

7

pH B.

Volume of acid added
0

7

pH

C.

Volume of acid added
0

7

pH D.

Volume of alkali added
0

7

pH

4.	 Which diagram shows the correct electron configuration of a nitrogen atom in the ground state?

A.    

1s 2s 2p

B.      

1s 2s 2p

C.    

1s 2s 2p

D.      

1s 2s 2p
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32.	 Which two species can be both BrØnsted-Lowry acids and BrØnsted-Lowry bases?

A.	 H3PO4 and PO4
3-.

B.	 HPO4
2- and H2PO4

-.

C.	 HPO4
2- and PO4

3-.

D.	 PO4
3- and H2PO4

-.

33.	 A solution has a pH of 3.0. What is the hydroxide ion concentration, [OH-], in the solution?

A.	 11

B.	 10-3

C.	 10

D.	 10-11

34.	 Ammonia, NH3 and nitrous acid, HNO2, are compounds of nitrogen. 
What are the oxidation states of nitrogen in these compounds?

NH3 HNO2

A. +3 +3

B. -3 -3

C. +3 -3

D. -3 +3
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32.	 Which two species can be both BrØnsted-Lowry acids and BrØnsted-Lowry bases?

A.	 H3PO4 and PO4
3-.

B.	 HPO4
2- and H2PO4

-.

C.	 HPO4
2- and PO4

3-.

D.	 PO4
3- and H2PO4

-.

33.	 A solution has a pH of 3.0. What is the hydroxide ion concentration, [OH-], in the solution?

A.	 11

B.	 10-3

C.	 10

D.	 10-11

34.	 Ammonia, NH3 and nitrous acid, HNO2, are compounds of nitrogen. 
What are the oxidation states of nitrogen in these compounds?

NH3 HNO2

A. +3 +3

B. -3 -3

C. +3 -3

D. -3 +3
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38.	 What is the role of the CN- ion in the reaction of 1-chloropropane with excess KCN in ethanol?

C3H7Cl + KCN → C3H7CN + KCl

A.	 Electrophile and Lewis base

B.	 Nucleophile and Lewis acid

C.	 Electrophile and Lewis acid

D.	 Nucleophile and Lewis base

39.	 When an excess of ammonia was added to hydrochloric acid, the following neutralization curve 
was obtained.

Volume of ammonia added

0

7

pH 14

Which would be the best indicator for this titration?

Indicator pka

A. Phenol red 7.9

B. Bromothymol blue 7.0

C. Phenolphthalein 9.6

D. Bromocresol green 4.7

40.	 Which species would take part in a substitution reaction with benzene?

A.	 Cl2

B.	 Cl•

C.	 Cl+

D.	 Cl-
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28.	 What is true of rate constants of elementary reactions?

A.	 Always increase with temperature

B.	 Only increase with temperature for endothermic reactions

C.	 Never vary with temperature

D.	 Only decrease with temperature for endothermic reactions

29.	 The following system is at equilibrium.

2SO2 (g) + O2 (g)  2SO3 (g) K = 4.3

What is the value of the equilibrium constant, K, for the reverse reaction?

A.	
1

4.3

B.	 4.3

C.	
1

4.3

D.	 4.3

30.	 What is the effect of doubling the pressure on the equilibrium? All other conditions 
remain unchanged.

2SO2 (g) + O2 (g)  2SO3 (g)

Effect on equilibrium position Effect on equilibrium constant, K

A. shifts right no change

B. shifts left no change

C. shifts right increases

D. shifts left decreases

31.	 What is required to convert a base into its conjugate acid?

A.	 A negative charge

B.	 A hydrogen atom

C.	 An electron pair

D.	 A proton

– 13 – 2225 – 6213

Turn over

32.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

33.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

34.	 Which salt is basic?

A.	 HCOONa

B.	 HCOONH4

C.	 NaNO3

D.	 NH4Cl

35.	 What is the best indicator to use in the titration of phenylamine with nitric acid?

A.	 Bromophenol blue, pKa = 4.2

B.	 Bromothymol blue, pKa = 7.0

C.	 Phenol red, pKa = 7.9

D.	 Phenolphthalein, pKa = 9.6
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32.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

33.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

34.	 Which salt is basic?

A.	 HCOONa

B.	 HCOONH4

C.	 NaNO3

D.	 NH4Cl

35.	 What is the best indicator to use in the titration of phenylamine with nitric acid?

A.	 Bromophenol blue, pKa = 4.2

B.	 Bromothymol blue, pKa = 7.0

C.	 Phenol red, pKa = 7.9

D.	 Phenolphthalein, pKa = 9.6
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32.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

33.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

34.	 Which salt is basic?

A.	 HCOONa

B.	 HCOONH4

C.	 NaNO3

D.	 NH4Cl

35.	 What is the best indicator to use in the titration of phenylamine with nitric acid?

A.	 Bromophenol blue, pKa = 4.2

B.	 Bromothymol blue, pKa = 7.0

C.	 Phenol red, pKa = 7.9

D.	 Phenolphthalein, pKa = 9.6
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32.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

33.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

34.	 Which salt is basic?

A.	 HCOONa

B.	 HCOONH4

C.	 NaNO3

D.	 NH4Cl

35.	 What is the best indicator to use in the titration of phenylamine with nitric acid?

A.	 Bromophenol blue, pKa = 4.2

B.	 Bromothymol blue, pKa = 7.0

C.	 Phenol red, pKa = 7.9

D.	 Phenolphthalein, pKa = 9.6
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32.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

33.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

34.	 Which salt is basic?

A.	 HCOONa

B.	 HCOONH4

C.	 NaNO3

D.	 NH4Cl

35.	 What is the best indicator to use in the titration of phenylamine with nitric acid?

A.	 Bromophenol blue, pKa = 4.2

B.	 Bromothymol blue, pKa = 7.0

C.	 Phenol red, pKa = 7.9

D.	 Phenolphthalein, pKa = 9.6

– 14 – 2225 – 6213

36.	 In which compound does sulfur have an oxidation state of +4?

A.	 H2S

B.	 SO3

C.	 H2SO3

D.	 H2SO4

37.	 What is the standard cell potential, E À cell , of the following cell?

V

Voltmeter

Salt bridge

Ag (s) Mg (s)

Ag+ (aq) Mg2+ (aq)

Ag+ (aq) + e−  Ag (s) EÀ = +0.80 V
Mg2+ (aq) + 2e−  Mg (s) EÀ = −2.37 V

A.	 -3.17 V

B.	 -1.57 V

C.	 +1.57 V

D.	 +3.17 V

38.	 Which change represents oxidation of the functional group?

A.	 CH3COOH → CH3CHO

B.	 H2CO → HCOOH

C.	 HCCH → H2CCH2

D.	 H2CO → CH3OH
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28.	 What are the units for the rate constant, k, in the following expression?

Rate = k [X]2[Y]0

A.	 mol2 dm-6 s-1

B.	 mol dm-3 s-1

C.	 mol-1 dm3 s-1

D.	 mol-2 dm6 s-1

29.	 Which statement about this equilibrium reaction is correct?

CH3CH2OH (aq) + HCOOH (aq)  CH3CH2OOCH (aq) + H2O (l)

A.	 Removing water from the reaction mixture has no effect on the position of equilibrium.

B.	 Adding ethanol to the reaction mixture moves the position of equilibrium to the left.

C.	 Removing ethanol from the reaction mixture moves the position of equilibrium to the left.

D.	 Adding water to the reaction mixture moves the position of equilibrium to the right.

30.	 How many moles of oxygen are needed for the complete combustion of 11.5 g of C3H8 (g)?

Mr propane = 44.1 g mol-1

A.	 10.4

B.	 5.20

C.	 2.60

D.	 1.30

31.	 What is the pH of 0.0010 mol dm-3 HCl (aq)?

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5

– 12 – 2225 – 6219

32.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3

33.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

34.	 Which of these bases has the strongest conjugate acid?

Bases Kb pKb

NH3 1.8 × 10-5

CH3NH2 3.35

(CH3)2NH 5.9 × 10-4

CH3CONH2 14.5

A.	 NH3

B.	 CH3NH2

C.	 (CH3)2NH

D.	 CH3CONH2
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32.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3

33.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

34.	 Which of these bases has the strongest conjugate acid?

Bases Kb pKb

NH3 1.8 × 10-5

CH3NH2 3.35

(CH3)2NH 5.9 × 10-4

CH3CONH2 14.5

A.	 NH3

B.	 CH3NH2

C.	 (CH3)2NH

D.	 CH3CONH2
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32.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3

33.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

34.	 Which of these bases has the strongest conjugate acid?

Bases Kb pKb

NH3 1.8 × 10-5

CH3NH2 3.35

(CH3)2NH 5.9 × 10-4

CH3CONH2 14.5

A.	 NH3

B.	 CH3NH2

C.	 (CH3)2NH

D.	 CH3CONH2

– 13 – 2225 – 6219

Turn over

35.	 What is the pH of a buffer solution which contains 0.500 mol dm-3 of methanoic acid and 
0.250 mol dm-3 of sodium methanoate?

pKa (methanoic acid) = 3.75

A.	 3.25

B.	 3.45

C.	 3.75

D.	 4.05

36.	 The following occurs when tin is added to separate solutions of lead(II) nitrate, Pb(NO3)2, 
and manganese(II) nitrate, Mn(NO3)2.

Sn(s) + Pb(NO3)2 (aq) → Sn (NO3)2 (aq) + Pb (s)

Sn(s) + Mn(NO3)2 (aq) → no reaction

What is the order of decreasing reactivity of the metals?

A.	 Sn > Pb > Mn

B.	 Sn > Mn > Pb

C.	 Mn > Sn > Pb

D.	 Pb > Sn > Mn

37.	 What are the products of the electrolysis of molten aluminium oxide, Al2O3(l)?

Product at anode Product at cathode

A. O2 Al

B. O3 Al

C. Al O2

D. Al O3

38.	 Which compound can be reduced to produce butanal?

A.	 Butanoic acid

B.	 Butan-1-ol

C.	 Butanone

D.	 Butan-2-ol



Chemistry HL | Paper 1A | May 2025 TZ3 | Q35 | 1 marks

Apollo | Original source crop | 14

– 13 – 2225 – 6219

Turn over

35.	 What is the pH of a buffer solution which contains 0.500 mol dm-3 of methanoic acid and 
0.250 mol dm-3 of sodium methanoate?

pKa (methanoic acid) = 3.75

A.	 3.25

B.	 3.45

C.	 3.75

D.	 4.05

36.	 The following occurs when tin is added to separate solutions of lead(II) nitrate, Pb(NO3)2, 
and manganese(II) nitrate, Mn(NO3)2.

Sn(s) + Pb(NO3)2 (aq) → Sn (NO3)2 (aq) + Pb (s)

Sn(s) + Mn(NO3)2 (aq) → no reaction

What is the order of decreasing reactivity of the metals?

A.	 Sn > Pb > Mn

B.	 Sn > Mn > Pb

C.	 Mn > Sn > Pb

D.	 Pb > Sn > Mn

37.	 What are the products of the electrolysis of molten aluminium oxide, Al2O3(l)?

Product at anode Product at cathode

A. O2 Al

B. O3 Al

C. Al O2

D. Al O3

38.	 Which compound can be reduced to produce butanal?

A.	 Butanoic acid

B.	 Butan-1-ol

C.	 Butanone

D.	 Butan-2-ol
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31.	 SO2 reacts with O2 to produce SO3.

2SO2 (g) + O2 (g)  2SO3 (g)

A mixture of 1.10 mol of SO2 (g) and 1.95 mol of O2 (g) was placed into a 1 dm3 container at a certain 
temperature. When the equilibrium was reached, the mixture contained 0.18 mol of SO2 (g).

What is the value of the equilibrium constant, K, for this reaction?

A.	

B.	

C.	

D.	

32.	 In which of the following reactions does ammonia behave as a Brønsted–Lowry base?

A.	 4NH3 + 5O2  4NO + 6H2O

B.	 NH3 + H2O + CO2  (NH4) HCO3

C.	 NH3 + CH3CH2Cl  CH3CH2NH2 + HCl

D.	 2NH3 + 2K  2KNH2 + H2

33.	 Which aqueous solution has the lowest pH?

A.	 0.01 mol dm-3 NH4Cl

B.	 0.01 mol dm-3 NaCl

C.	 0.01 mol dm-3 NH4HCO3

D.	 0.01 mol dm-3 NaHCO3
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31.	 SO2 reacts with O2 to produce SO3.

2SO2 (g) + O2 (g)  2SO3 (g)

A mixture of 1.10 mol of SO2 (g) and 1.95 mol of O2 (g) was placed into a 1 dm3 container at a certain 
temperature. When the equilibrium was reached, the mixture contained 0.18 mol of SO2 (g).

What is the value of the equilibrium constant, K, for this reaction?

A.	

B.	

C.	

D.	

32.	 In which of the following reactions does ammonia behave as a Brønsted–Lowry base?

A.	 4NH3 + 5O2  4NO + 6H2O

B.	 NH3 + H2O + CO2  (NH4) HCO3

C.	 NH3 + CH3CH2Cl  CH3CH2NH2 + HCl

D.	 2NH3 + 2K  2KNH2 + H2

33.	 Which aqueous solution has the lowest pH?

A.	 0.01 mol dm-3 NH4Cl

B.	 0.01 mol dm-3 NaCl

C.	 0.01 mol dm-3 NH4HCO3

D.	 0.01 mol dm-3 NaHCO3

– 15 – 8825 – 6207

Turn over

34.	 What is the half equation for the reduction of nitric acid to nitrogen(II) oxide in acidic medium?

A.	 HNO3 + 3H+ + 3e-  NO + 2H2O

B.	 HNO3 + 4H+ + 4e-  NO + 2H2O

C.	 HNO3 + 2H2O  NO + 4H+ + 4e-

D.	 HNO3 + 2H2O  NO + 3H+ + 3e-

35.	 Which compound undergoes oxidation when heated with acidified potassium dichromate?

I.	 CH3CH2CH2CH2OH

II.	 CH3C(CH3)2OH

III.	 CH3CH(OH)CH2CH3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

36.	 A student performed displacement reactions using metals X, Y, Z and solutions of their ions, 
X2+, Y2+, Z2+ . The results are shown.

X (s)

Z2+ (aq)

No reaction

Y (s)

X2+ (aq)

No reaction

Z(s)

Y2+ (aq)

Reaction occursResults:

What is the increasing order of the reactivity of X, Y and Z metals?

A.	 X, Y, Z

B.	 Y, X, Z

C.	 Z, X, Y

D.	 Y, Z, X
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29.	 2 mol of NO (g) and 1 mol of Cl2 (g) were mixed together, and the system was allowed to reach 
equilibrium at 35 °C:

2NO (g) + Cl2 (g)  2NOCl (g) K = 6.5 × 104 at 35 °C

Which relationship is correct for this equilibrium at 35 °C?

A.	 [NOCl] = [NO]

B.	 [NOCl] = 2[Cl2]

C.	 [NOCl] >> [NO]

D.	 [NOCl] << [NO]

30.	 Consider the equilibrium reaction:

CO (g) + 2H2 (g)  CH3OH (g)

Under certain conditions, K = 2.5.

At the same temperature and pressure, a mixture has the following concentrations, in mol dm−3

[CO] = 0.2 [H2] = 0.4 [CH3OH] = 0.32

Which statement is correct?

A.	 Mixture is at equilibrium and no reactions are occurring.

B.	 Forward and reverse reactions are occurring at the same rate.

C.	 Forward reaction rate is favoured to establish equilibrium.

D.	 Reverse reaction rate is favoured to establish equilibrium.

31.	 What is the concentration of OH−  (aq), in mol dm−3, in a solution at 298.15 K with a pH of 4.50?

pH = −log10 [H
+] [H+] = 10−pH pOH = −log10 [OH- ] [OH- ] = 10−pOH Kw = [H+] [OH− ]

A.	 3.16 × 10−10

B.	 3.16 × 10−9

C.	 3.16 × 10−5

D.	 3.16 × 10−4

– 13 – 8825 – 6219

Turn over

32.	 Which aqueous solution has the lowest pH?

A.	 1.0 mol dm−3 HNO3

B.	 2.0 mol dm−3 HCl

C.	 1.0 mol dm−3 CH3COOH

D.	 2.0 mol dm−3 NaOH

33.	 What are the oxidizing and reducing agents in this reaction?

ClO− (aq) + SO2 (g) + H2O (l) → Cl− (aq) + SO4
2− (aq) + 2H+ (aq)

Oxidizing agent Reducing agent

A. ClO− H2O

B. SO2 SO4
2−

C. SO2 ClO−

D. ClO− SO2

34.	 Which statement about electrochemical cells is correct?

A.	 Primary (voltaic) cells use electrical energy to produce a redox reaction.

B.	 Electrolytic cells are rechargeable.

C.	 Secondary cells can use electrical energy to produce a redox reaction.

D.	 Primary (voltaic) cells are rechargeable.
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32.	 Which aqueous solution has the lowest pH?

A.	 1.0 mol dm−3 HNO3

B.	 2.0 mol dm−3 HCl

C.	 1.0 mol dm−3 CH3COOH

D.	 2.0 mol dm−3 NaOH

33.	 What are the oxidizing and reducing agents in this reaction?

ClO− (aq) + SO2 (g) + H2O (l) → Cl− (aq) + SO4
2− (aq) + 2H+ (aq)

Oxidizing agent Reducing agent

A. ClO− H2O

B. SO2 SO4
2−

C. SO2 ClO−

D. ClO− SO2

34.	 Which statement about electrochemical cells is correct?

A.	 Primary (voltaic) cells use electrical energy to produce a redox reaction.

B.	 Electrolytic cells are rechargeable.

C.	 Secondary cells can use electrical energy to produce a redox reaction.

D.	 Primary (voltaic) cells are rechargeable.
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30.	 The equation for the reaction between two gases, A and B, is:

A (g) + 2B (g)  2C (g)

When the reaction is at equilibrium at 600 K, the concentrations of A, B, and C are 2, 1, and 
2 mol dm−3 respectively. What is the value of the equilibrium constant at 600 K?

A.	 0.25

B.	 1

C.	 2

D.	 4

31.	 Which reaction would be expected to have the largest Arrhenius (pre-exponential) factor, A, 
at constant temperature?

A.	 H (g) + I (g) → HI (g)

B.	 H2 (g) + I2 (g) → 2HI (g)

C.	 2HCl (g) → H2 (g) + Cl2 (g)

D.	 H2 + C2H4 → C2H6

32.	 Which reactions involve the transfer of a proton?

I.	 2HCl (aq) + Mg (s) → MgCl2 (aq) + H2 (g)

II.	 2HCl (aq) + MgO (s) → MgCl2 (aq) + H2O (l)

III.	 2HCl (aq) + MgCO3 (s) → MgCl2 (aq) + H2O (l) + CO2 (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

– 12 –
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33.	 The indicator, HInd, is used in an acid–base titration.

HInd (aq)  H+ (aq) + Ind− (aq)

colour A colour B

Which statements are correct?

I.	 In a strongly alkaline solution, colour B is observed.

II.	 Colour A is observed when [HInd] < [Ind−].

III.	 [Ind−] approximately equals [HInd] at the end point.

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

34.	 The overall reaction occurring at the electrodes of a rechargeable metal hydride battery can 
be summarized as:

MH + NiO(OH)  M + Ni(OH)2

Which statement is correct?

A.	 The oxidation state of Ni does not change.

B.	 M is oxidized by loss of hydrogen.

C.	 The oxidation state of one H atom changes from −1 to +1.

D.	 The oxidation state of one O atom changes from −1 to −2.

35.	 In a redox titration, manganate(VII) ions are reduced to manganese(II) ions and iron(II) ions 
are oxidized to iron(III) ions.

MnO4
− (aq) reduced to Mn2+ (aq)

Fe2+ (aq) oxidized to Fe3+ (aq)

What volume, in cm3, of 0.1 mol dm−3 MnO4
− (aq) is required to reach the equivalence point in 

the titration of 20.00 cm3 of 0.1 mol dm−3 Fe2+ (aq)?

A.	 2.00

B.	 4.00

C.	 20.00

D.	 100.00
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33.	 The indicator, HInd, is used in an acid–base titration.

HInd (aq)  H+ (aq) + Ind− (aq)

colour A colour B

Which statements are correct?

I.	 In a strongly alkaline solution, colour B is observed.

II.	 Colour A is observed when [HInd] < [Ind−].

III.	 [Ind−] approximately equals [HInd] at the end point.

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

34.	 The overall reaction occurring at the electrodes of a rechargeable metal hydride battery can 
be summarized as:

MH + NiO(OH)  M + Ni(OH)2

Which statement is correct?

A.	 The oxidation state of Ni does not change.

B.	 M is oxidized by loss of hydrogen.

C.	 The oxidation state of one H atom changes from −1 to +1.

D.	 The oxidation state of one O atom changes from −1 to −2.

35.	 In a redox titration, manganate(VII) ions are reduced to manganese(II) ions and iron(II) ions 
are oxidized to iron(III) ions.

MnO4
− (aq) reduced to Mn2+ (aq)

Fe2+ (aq) oxidized to Fe3+ (aq)

What volume, in cm3, of 0.1 mol dm−3 MnO4
− (aq) is required to reach the equivalence point in 

the titration of 20.00 cm3 of 0.1 mol dm−3 Fe2+ (aq)?

A.	 2.00

B.	 4.00

C.	 20.00

D.	 100.00
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36.	 Which statements explain the following reactions occurring in the upper atmosphere?

Chlorofluorocarbon (CFC) compounds 
break down to produce chlorine radicals 

but usually not fluorine radicals.

A single chlorine radical breaks down 
many ozone, O3, molecules. 

A. C–Cl bond is stronger than C–F bond chain propagation steps produce more 
radicals

B. C–F bond is stronger than C–Cl bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

C. C–Cl bond is stronger than C–F bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

D. C–F bond is stronger than C–Cl bond chain propagation steps produce more 
radicals

37.	 Which term cannot characterize ammonia, NH3?

A.	 Lewis acid

B.	 Brønsted–Lowry acid

C.	 ligand

D.	 nucleophile

38.	 Which ion is a better leaving group in nucleophilic substitutions?

A.	 bromide ion

B.	 chloride ion

C.	 fluoride ion

D.	 iodide ion

39.	 Which statement is correct when 2-chloro-2-methylpentane reacts with water to form 
2-methylpentan-2-ol?

A.	 Water acts as a nucleophile and attacks the chlorine atom.

B.	 The reaction occurs in a single step.

C.	 A carbocation intermediate is formed.

D.	 Homolytic bond fission occurs.


